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sm =QD �98� 1 78( kg
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[21]"Q=OlQD
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=Q 3 |x]@=Q u=wD|t '|@ QHD |=yxO=O u=}t R= \N u} QDy@ Qw@a =@ "O@=}|t Vy=m

%OQm u=}@ C@ w]Q OYQO T=U=Q@ |WWm Ctw=kt u}}aD |=Q@
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|xLiY QO |WtN Qovr w |WQ@ |wQ}v 'pO=aD CqO=at ltm =@ [21]"CU= xOW

%OvwW|t x@U=Lt 7 w 6 \@=wQ =@ lQD
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P (6)

M = (L2 + c) L1
L1 + L2
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L1 + L2

P (7)

|WtN Qovr %M '�kg� lQD |xLiY Q@ |r=ta= |WQ@ |wQ}v %Q '=yu; QO xm
L2 w L1 '�kg� Q}D x@ |r=ta= |wQ}v pm %P '�kg:cm� lQD |xLiY Q@ |r=ta=

"�cm� Q=@ w lQD |ki= |xrY=i %c '�cm� Q=@ pLt =D =yx=ox}mD |ki= |xrY=i
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k1 = M

BW
32
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) (8)
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BW
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%OvwW|t x@U=Lt 11 w 10 \@=wQ ltm =@ f2 w f1 '=yu; QO xm
f1(

a
W

) =

6( aW )
12
�1 99� ( aW )(1� a

W )(2 15� 3 93( aW ) + 2 7( aW )2)
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1 442� 5 08( a

W
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(11)

QiY Q@=Q@ lQD pLt QO |WtN Qovr 'OW=@ c = 0 QwmPt V}=tR; QO Qo =
2 Ot pt=W \ki CUmW w QiY Q@=Q@ 1 Ot VvD COW ?} Q[ xH}DvQO w OwW|t
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200N=s 4 30� 10� 10 [19]
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pN=O '14 pmW x@=Wt =yxvwtv "CU= xOW s}_vD QDt|Dv=U 17 Q@=Q@ x=ox}mD wO

"Ov=xDiQo Q=Qk |Q=PoQ=@ CLD xk}kO Q@ QDt|r}t 0 1 C@=F CaQU =@ w x=oDUO
CUmW Ck=] QO C@ w]Q OYQO Q}F-=D |@=} RQ= |=Q@ =yV}=tR; |QU u}= QO
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Ck=] u}}aD VwQ wO '|WtN |}x]kv 4 uwtR; w |r=NwD |xv=wDU= VJ}B uwtR;
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2 w 1 |@}mQD Ot VvD COW ?} Q[ '2 Ot CUmW Ck=] u}}aD Q@ xwqa u=wD|t
|=yVwQ R= |m} '13uQ=kDtQ}e |WtN |}x]kv 4 uwtR; [21]"OQm XNWt R}v =Q
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|Q=PoQ=@ CLD xk}kO Q@ QDt|r}t 0 1 C@=F CaQU =@ xvwtv w xOW xO=iDU= 2�4
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Ot VvD COW ?} Q[ u}}aD |=Q@ x=oDUO pN=O xvwtv |Q}oQ=Qk |xwLv "17 pmW
"2�1 |@}mQD
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"C@w]Q OYQO Q@=Q@ QO CUmW Ck=] C=Q}}eD |vLvt "19 pmW

"2 w 1 Ot VvmQOv= |vLvt "22 pmW

'CU= C@ w]Q OYQO R= QF-=Dt xv=OR} Q |=yl =N Q=DiQ xm =Hv; R= "CU= CUmW
"OwW|t u}}aD hrDNt |=yC@ w]Q OYQO T=U=Q@ CUmW Q=}at

sUQ hrDNt |=yC@ w]Q OYQO QO q=@ \@=wQ R= pY=L G}=Dv '22 pmW QO
\=kv w 2 OtCUmWCk=] s�=k QwLt '1 OtCUmWCk=]|ki= QwLt "CU= xOW
22pmW "OyO|t u=Wv =Q 2�1|@}mQD OtCr=L QOVvD COW?} Q[ =yQwLtu}@
|=yxR=U|L=Q]u=wD|t Q=Owtvu}=ltm =@ "OwW|t xO}t=v 2 w 1 OtVvmQOv= Q=Owtv
1 OtCUmWCk=] Q}O=kt xm OwW|t xOy=Wt QwmPt pmW QO "O=O s=Hv= =Q Q=OlQD
'R=wO}@ OU|xDUyl =N QO xmCio u=wD|tu}=Q@=v@ &CU= xOt;CUOx@ 2 Ot R= QDW}@
"CU= �2 Ot�|WQ@ sU}v=mt R= QDtm �1 Ot�|WWm sU}v=mt =@ lQD |xaUwD p=tDL=

|WWm Ctw=kt w 1 Ot CUmW Ck=] u=}t |x]@=Q "6"5
lQD |xOvvmO=H}= |=ywQ}v Q@=Q@ QO l =N Ctw=kt CQwYx@ l =N |WWm Ctw=kt
CUmW Ck=] u=}t u=wD|t 'u}=Q@=v@ &OwW|t h} QaD �CUmW 1 Ot� CUmW w

"CUmW R= Oa@ lQD 1 Ot |xaUwD |xwLv "20 pmW

"CUmW R= Oa@ lQD 2 Ot |xaUwD |xwLv "21 pmW

|xaUwD |xwLv '21 pmW QO w 1 Ot QO lQD |xaUwD |xwLv '20 pmW QO
VQDUo x}rw= lQD O=ODt= QO lQD '1 Ot QO "CU= xOW xO=O u=Wv 2 Ot QO lQD
x}rw= lQD O=ODt= x@ C@Uv x} w=R =@ lQD '2 w 1 |@}mQD Ot w 2 Ot QO =t= &O@=}|t

"O@=}|t VQDUo

CUmW Q=}at "5"5
Q=}at |x�=Q= 'hrDNt |=yOt QO CUmW l}v=mt |=yV}=tR; s=Hv= R= hOy
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yt |xDUy l =N |WWm Ctw=kt '|WtN V}=tR; ltm =@ 'Q[=L Q=DWwv QO "CU=
QO C=Q}}eD O=H}= =@ "CU= xOt; CUOx@ hrDNt |=yC@ w]Q OYQO QO R=wO}@ OU
sy=Qi |WtN uwtR; =@ l =N |WWm Ctw=kt u}}aD u=mt= 's}kDUt VQ@ x=oDUO
OYQO T=U=Q@ =yl =N xm OwW|t xOy=Wt xOt; CUOx@ G}=Dv T=U=Q@ "CU= xOW
|=yOU |xDUy xm |v=tR "OvQ=O Q}PBh=]av= w 'OQD xt}v 'OQD Q=DiQ ẁv xU 'C@ w]Q
Cr=L u}= QO "OvQ=O OQD Q=DiQ 'OvwW sm =QDt xv}y@ C@ w]Q R= QDtm �3 OwOL =@ |m =N
u=QoWywSB |NQ@ "OwW|t O=} R CUmW w |oOQwNlQD p=tDL= 'sm pmWQ}}eD =@
OYQO V}=Ri= =@ |m}rwQO}y CUmW ẁkw p=tDL= xm OvOQm u=}@ 2016 p=U QO
|=Q@ |@ QHD |x]@=Q '|y=oW}=tR; G}=Dv T=U=Q@ u}vJty [7]"O@=}|t Vy=m C@ w]Q
OwW|t xOy=Wt "CU= xOW x�=Q=C@ w]Q OYQO T=U=Q@ |WWmCtw=kt |x@U=Lt
|WWm Ctw=kt V}=Ri= w |Di=@ Vmt V}=Ri= Ea=@ 'C@ w]Q OYQO Vy=m xm

"OwW|t l =N
CUmW Q=}at l} 'CUmW l}v=mt s}y=it ltm =@ CU= xOW |aU xt=O= QO
VwQ R= Qw_vt u}= |=Q@ "OwW x�=Q= R=wO}@ OU |xDUy l =N |=Q@ |m}rwQQO}y
xO=iDU= CUmW l}v=mt |=yQDt=Q=B u}}aD |=Q@ [21]'2006 p=U QO |}xOWx�=Q=
s=Hv= |=Q@ x=oDUO u}= 's}kDUt VQ@ x=oDUO QO |D=Q}}eD O=H}= =@ "CU= xOW
QO xm R=wO}@ OU |xDUy l =N "CU= xOW xO=t; |WtN |}x]kv 4 w 3 V}=tR;
|m}rwQO}y CUmW Q=JO xm |D=ar=]t OQwt u=wvax@ 'OQ=O Q=Qk u=Q}= jQW p=tW
|}x]kv 4 w |WtN |}x]kv 3 |=yuwtR; s=Hv= =@ "CU= xOW |UQQ@ 'CU= xOW
CUmW Ck=] '1 Ot CUmW Ck=] 'hrDNt |=yC@ w]Q OYQO =@ |WtN
R=wO}@ OU |xDUy l =N |=Q@ 2�1 |@}mQD Ot VvD COW ?} Q[ w 2 Ot
Ck=] |x@U=Lt |=Q@ |@ QHD \@=wQ '=yV}=tR; G}=Dv T=U=Q@ "CU= xOW u}}aD
CUmW Ck=] Q}O=kt ẁtHt QO "CU= xOW x�=Q= C@ w]Q OYQO T=U=Q@ CUmW
l =N QO xm Cio u=wD|t u}=Q@=v@ &CU= xOt; CUOx@ 2 Ot R= QDW}@ 1 Ot
R= QDtm �1 Ot� |WWm sU}v=mt =@ lQD |xaUwD p=tDL= 'R=wO}@ OU |xDUy
VvmQOv= Q=Owtv pY=L G}=Dv T=U=Q@ =yDv= QO "CU= �2 Ot� |WQ@ sU}v=mt
pY=L Q=Owtv "CU= xOW sUQ hrDNt |=yC@ w]Q OYQO |=Q@ 2 w 1 |=yOt
xO=iDU= |L=Q] |=Q@ u; R= u=wD|t w CU= xOW |iQat CUmW Q=}at u=wvax@

"OQm

"1 Ot CUmW Ck=] w |WWm Ctw=kt u=}t |x]@=Q "23 pmW

wO u=}t xm OyO|t u=Wv R}v |@ QHD G}=Dv "OQm Q=QkQ@ x]@=Q |WWm Ctw=kt w 1 Ot
|]N |x]@=Q u=wD|t =yl =N QO |WWm Ctw=kt w 1 Ot CUmW Ck=] QDt=Q=B
w 1 Ot CUmW Ck=] u=}t \=@DQ= '2007 p=U QO u=QoWywSB |NQ@ "OQm Q=QkQ@

[32w31]%Ov=xOQm u=}@ 16 |]N |x]@=Q ltm =@ =Q |WWm Ctw=kt
k1c = ��t (16)

?}DQD x@ 12 w 3 \@=wQ '|@ QHD G}=Dv T=U=Q@ "CU= ?U=vD ?} Q[ � 'u; QO xm
x�=Q= R=wO}@ OU |xDUy l =N 1 Ot CUmW Ck=] w |WWm Ctw=kt u}}aD |=Q@
1 Ot CUmW Ck=] w |WWm Ctw=kt Q}O=kt 'QwmPt \@=wQ ltm =@ "Ov=xOW
=@ "Ov=xOW x�=Q= 23 pmW QO G}=Dv w x@U=Lt hrDNt |=yC@ w]Q OYQO |=Q@
Ck=] u}}aD |=Q@ =Q 17 |x]@=Q u=wD|t '|@ QHD G}=Dv u=}t R= |vLvt u} QDy@ Qw@a

%OQm u=}@ C@ w]Q OYQO T=U= Q@ CUmW
k1c = 0 185�t � 0 119 �= 0 185� (17)

|Q}oxH}Dv "6
|WWm Ctw=kt '=yl =N QO lQD |xaUwD QO QF-wt |=yQDt=Q=B u} QDsyt xrtH R=

=yCWwv=B
1. Teton
2. Balderhead
3. Hyttejuvet
4. hydraulic fracturing
5. internal erosion
6. fracture mechanics
7. linear elastic fracture mechanics
8. stress intensity factor
9. fracture toughness
10. three point bending test
11. four point bending test
12. arching
13. four point unsymmetrical bending test
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